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Abstract: The generation of perfluoroalkyl radicals (Rg*) by means of photocatalysis is a
more suitable route than the established methods employing chemical initiators, like azo or

peroxide compounds or the use of transition metals. Conditions governed by photocatalysis
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1. INTRODUCTION ety in the structural organic backbone will be studied. POCs em-
ployed as organic dyes can have structural motifs derived from
aromatic ketones, quinones, heterocycles [1a]; the commonly en-
countered intermediates are radicals, and radical ions; the substrates
are alkanes, alkenes, amines, ethers, etc. The salient feature of the
method is the soft formation of reactive intermediates under benign

conditions.

Photoorganocatalysts can harbour enough energy in their ex-
cited states to allow the build-up of reactive intermediates through
atom transfer or redox processes [1]. Thermal barriers, which are
ordinarily surmounted through the use of harsh reagents or extreme
reaction conditions, can be replaced by the very excited state poten-
tial energy surfaces that excited POCs can reach. Catalysts such as
those from the ruthenium and iridium salts have innate toxicity, and
their availability and costs are disadvantages of the metal-based
methods. By using green light, red to orange dyes could be em-
ployed to perform photoredox catalysis successfully. Enzymatic
processes as well as organocatalysis can both achieve asymmetric

2. PHOTOORGANOCATALYSIS (POC)

2.1. Fluoroalkylation of Aliphatic Systems by Phtoorganocata-
lysis

2.1.1. Fluoroalkylation of sp3 Carbon Atoms by Photoorganocata-

catalysis, for which the latter should be considered a valid recourse
when designing stereocontrolled syntheses [1b,c]. Photoorganocata-
lysis has recently been reviewed [1d]. However, perfluoroalkylation
reactions by photoorganocatalysis are scarce in the literature. In

lysis

The stereospecific attachment of perfluoroalkyl substituents on
aliphatic aldehydes has been introduced by Zeitler and collaborators
[2a] (Scheme 1).
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Scheme 1. Stereocontrolled o-polyfluorination of aliphatic aldehydes.

these review, reactions where through irradiation a substrate cata-
lyzes a process and provokes the introduction of a fluoroalkyl moi-
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The mechanism of this reaction has not been clarified yet [2].
The suspected mechanism consists of visible light excitation of
POC eosin Y (photoredox catalyst), which after fast intersystem
crossing to its more stable triplet state, enables electron transfer
(ET; Scheme 2) [2a]. Analogously to the chemistry of Ru*'* | ex-
cited eosin Y (*EY*) can undergo reductive and oxidative processes

© 2016 Bentham Science Publishers
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(a) Proposed mechanism.
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Scheme 2. Excited eosin Y involved in reductive and oxidative quenching cycles.

[3, 4]. These results resemble those from MacMillan and cowork-
ers; it is observed that eosin Y can act as a reductant—with the aid
of the sacrificial donor (i.e.: enamine) [5]—to afford the electron-
deficient alkyl radical by means of ET with an alkyl halide. Addi-
tion of this radical to the electron-rich enamine follows (formed in
the catalytic cycle) merge the activation pathways. The electron for
the reductive quenching of the excited state of the dye *EY* is pro-
vided by the oxidation of the amino radical to the iminium species
in the catalytic cycle [6, 2]. Next, the authors paid attention to the
determination of the quantum yield of the reaction in order to throw
light onto the efficiency of the process [7].

The reaction of 1-indanone-2-carboxylate tert-butyl ester with
n-CgF 131 in PhCl/CgF g as solvent has very recently been informed
by Melchiorre and collaborators [8] under visible light irradiation
(Scheme 3), in the presence of cinchona-derived phase-transfer
catalyst PTC and Cs,CO; (2 equiv).

An array of electron-withdrawing substituents can be tolerated,
as illustrated in Scheme 3 [8], independently of their ring-position.
Perfluorinated chains of various lengths can be accommodated in
the indanone scaffold in reasonable good chemical yields and high
stereocontrol (ee ranging from 90% to 94%). Surprisingly, CF;-
containing quaternary stereocenters can be synthesized when B-
ketoesters react with CF3I (Scheme 3d).

Regarding the mechanism of this reaction, the authors hypothe-
size [8] that a propagation step as depicted in Scheme 4, is in opera-
tion. Excitation of the electron donor acceptor complex EDA of
type A starts the chain reaction, generated when the chiral enolate B
is added with Rgl. After visible-light irradiation, electron transfer
ensues, and the electron-deficient Rge is produced by means of the

reductive scission of the C—I bond in C. When 1,4- dinitrobenzene
(redox trap, 0.2 equiv) is employed, complete inhibition takes place.
The electrophilic Rge is consequently trapped by the chiral enolate
B in a stereocontrolled manner. The intermediate D then abstracts
an iodine atom from C, regenerating Rge [9]. Due to the instability
of adduct E, the product and the PTC" catalyst are released.

2.1.2. Fluoroalkylation of sp2 Carbon Atoms by POC

The hydrotrifluoromethylation of styrenes and unactivated ali-
phatic alkenes has been developed by Nicewicz and co-workers by
means of an organic photoredox system [10]. Electron oxidation of
Na,SO,CF; (Langlois reagent) by photoredox catalyst N-methyl-9-
mesitylacridinium achieves the transformation. The reaction can
tolerate the presence of mono-, di- and trisubstituted aliphatic alke-
nes and styrenes, with high regioselectivity. The trifluoromethyl-
substituted regioisomers obtained are exclusively anti-Markov-
nikov. The solvent used is a 9:1 CHCl; - TFE mixture. Methyl thio-
salicylate is employed in small quantities as hydrogen donor for
aliphatic alkenes; however, equivalent quantities of thiofenol are
neccessitated for the styrenyl alkenes. The trifluoromethylation
reaction of alkenes is depicted in Scheme 5 [10].

A potential pathway is described in Scheme 6. The acridinium-
derived photocatalyst is excited into a singlet manifold that under-
goes intersystem crossing to a triplet state, which is able to oxidize
the Langlois reagent and generate the electrophilic CF; radical after
the extrusion of SO, [10]. Then, intermediate A is formed followed
by the addition of the radical to the olefin (with an anti-
Markovnikov selectivity). Trifluoroethanol supplies the hydrogen
atom to the intermediate A. Radical intermediate B abstracts a hy-
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(a) General enantioselective photocatalytic reaction.
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(b) Substituent effect on the enantioselective photocatalytic reaction.
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71 93 5-MeO 38 86
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(c) Reactivity of different perfluoroalkyl iodides.
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(d) Enantioselective trifluoromethylation.
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Scheme 3. Trifluoromethyl-substituted quaternary stereocenters achieved by photoorganocatalysis.
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Scheme 4. Proposed reaction mechanism.
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(a) Substrate scope of the hydrotrifluoromethylation of aliphatic alkenes. M
e
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Scheme 5. Hydrotrifluoromethylation of aliphatic alkenes and styrene derivatives.
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Scheme 6. Proposed reaction mechanism of the hydrotrifluoromethylation of alkenes.
drogen atom from methyl salicylate or thiophenol, depending on the Terminal alkenes and alkynes have been trifluoromethylated
alkene derivatives employed, to render the phenylthiyl radical (Ar- employing Methylene Blue (MB, 2 mol%) as the POC. This meth-
S"). The photocatalyst is then oxidized by thiyl radicals closing of odology has been investigated by Scaiano and co-workers employ-
the catalytic cycle and providing the formation of the corresponding ing the Togni(I)’s reagent as the CF; radical source [11].
thiolate (Ar-S) which after a proton transfer process, regenerates N,N,N’,N’-tetramethylethylene diamine TMEDA was employed as
the thiol. Another possible route would involve intermediate A a sacrificial donor in DMF as solvent. The scope of the transforma-

reacting directly with a thiol [10]. tion is shown in Scheme 7.
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Products derived from the hydrotrifluoromethylation reaction of RTN . A~_-CF
alkenes are obtained in moderate yields. However, the trifluoro-
methylated alkyne products obtained are observed in better yields R——= R%
as compared to those observed from alkenes and in a noticeable CF;
: PR . . . Scheme 8. Methylene blue (MB) as POC for the trifluoromethylation reac-
regioselectivity in favour of the E regioisomers, as depicted in tion
Scheme 8.
The reaction mechanism proposed is illustrated in Scheme 8. ;‘OIZ:LUOROALKYLATION OF AROMATIC SYSTEMS BY

Irradiating the POC (MB) with wavelengths higher than 400
nm, afffords the triplet excited manifold of the POC (*MB*) that 3.1. Arenes

reacts with TMEDA to produce the semi reduced MB radical and The metal-free photoredox perfluoroalkylation reaction of (het-
an o-amino radical. ero)arenes, through the use of perfluoroalkyl sulfinate salts
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Scheme 9. Trifluoromethylation of organic substrates photoorganocatalyzed by anthraquinone-2-carboxylic acid.



6 Current Organic Chemistry, 2016, Vol. 20, No. 00

Barata-Vallejo et al.

Scheme 10. Proposed mechanism for the AQN-catalyzed trifluoromethylation of organic substrates.

Trifluoromethylation of heterocyclic compounds.

CH, CF; CF;3
OEt
N N N
H \ H ©
CH,

70 % 79 % 52%

o}
| N cr, CFy
M MeO
H ﬁ eO | AN CF,
0 IERN

42 % 44 % 63 %

?Q

(6]

Scheme 11. Methylene Blue-photocatalyzed trifluoromethylation of hetero-
cycles.

RSO;,Na, in the presence of anthraquinone-2-carboxylic acid as
POC and TFA as additive has been reported by Itoh and colleagues
[12] in yields ranging from 70-90%. The authors [12] presented the
scope and limitations of the reaction as shown in Scheme 9. Good
product yields are obtained with electron-rich (hetero)arenes. Sev-
eral NaSO,R¢ can be employed in the study. 1,3,5-Trimethoxy-
benzene can be substituted with C,Fs and C;F; groups in good
yields. Furthermore, Na SO, C¢F 3 and Na SO,CgF; also react with
1,3,5-trimethoxybenzene to yield the corresponding products in
good to high yields.

The proposed mechanism for the transformation is illustrated in
Scheme 10 [12]. The POC anthraquinone-2-carboxylic acid AQN,
can function from its ground and excited redox states as an electron
transfer agent, which facilitates the generation of the electron-
deficient R radicals; these radicals can oxidize the substrate.

The photoinduced electron transfer PET from RSO, to AQN*
produces Rge and AQN+— radicals based on their redox potentials.
Rapid oxidation of AQN+— by SO, regenerates the ground state of
AQN. The authors speculate that a possible reaction pathway takes
into account addition of Ry radicals to the aryl moiety; then the Rg
radical oxidizes radical A to cation B (Scheme 10) [12]. Another
possibility is considering that Ry radicals abstract a hydrogen atom
from A by, as is shown in Scheme 10.

The photocatalytic trifluoromethylation reaction of electron -
rich heterocyclic compounds has been studied by Scaiano and co-
workers employing Methylene Blue (MB) as the POC and the
Togni(I)’s reagent as the CF; radical source (vide supra) [10,11]. A
stoichiometric quantity of TMEDA is necessary in the photoreac-
tion. The solvent is DMF and the reaction is carried out under argon
atmosphere at room temperature. Substituted indoles can be

trifluoromethylated efficiently; however, no trifluoromethylation of
the benzenoid moiety of the indole derivatives is noticed. Pyrroles
and thiophenes can be trifluoromethylated in reasonable yields as
well [11]. These results are summarized in Scheme 11. 3-methyl
indole under photocatalysis and the Umemoto’s reagent, affords the
trifluoromethylated product in low yield (35 %) [11].

3.2. Amino-substituted Arenes. Mechanistic Interpretation

Recently, the perfluorobutylation of amino aromatic com-
pounds has been accomplished by photoorganocatalysis with the
aid of Rose Bengal RB, as initiator [13]. The authors [13] com-
menced the studies inspecting the role of the base [14] to produce
C,Fg radicals under dark reaction conditions, and their reaction with
aniline, summarized in Table 1.

Variations in the base, solvent, temperature and stoichiometry
have been studied (Table 1). The presence of air does seem to halt
the reaction, thus having no effect in the initiation, and / or propa-
gation (entry 13). Reaction conditions from entries 1,9, and 12 (Ta-
ble 1), reveal that the methodology compromises substrate integrity,
as large oligomeric material is formed and mass balance is incom-
plete (ca. 63%).

When using quercetin (Q) as POC, 25 % yield of product is ob-
tained (entry 14, Table 1). The authors [13] then employed other
POCs such as Rose Bengal (RB) [15] (entry 15, Table 1), and
eosine Y (EO) (entry 19, Table 1) and found good substitution
yields with RB (52% yield of combined 1 and 2). After addition of
Cs,CO; to the photocatalytic reactions of either Q (entry 16, Table
1) and RB (entry 17, Table 1), the substitution yields increased
substantially, affording quantitative C4Fo-substituted aniline with
RB as PC in the presence of Cs,CO;. The illuminated reaction (en-
try 21, Table 1) affords 50 % yield of combined substitution prod-
ucts 1 and 2 (¢f. with entry 1, Table 1) indicating that room light is
contributing to producing n-C4F¢e radicals in the presence of
Cs,CO;, and absence of POC. The presence of air (entry 22, Table
1) affords very good yields of product (78% yield). The reaction
[13] under solar light gives 91% yield of products 1,2 (entry 23,
Table 1). The optimum reaction conditions consist of POC (RB),
Cs,CO; in Ar-deoxygenated MeCN as solvent under a household
fluorescent light bulb irradiation. When studying the rates of reac-
tion the authors [13] observed the formation of the di-substituted
2,4-bis(perfluorobutyl)-aniline product 3 at the expense of the 2-
(perfluorobutyl)-aniline 2 isomer, indicating that the p-isomer (i.e.:
4-(perfluorobutyl)-aniline, 1) is formed first, and disubstitution is
originated from the ortho-C4Fy-substituted aniline 2. The reactions
of secondary and tertiary aromatic amines lead to substitution
products 7-9 in very good yields (Table 2). When I(CF,)4l is used
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Table 1. Optimization of reaction conditions from reactions of aniline (0.2 mmol) with n-C,Fl, 3 equiv. (reaction time, additive, catalyst, solvent,

temperature).
NH; additive fcatalyst NH,
conditions -
_— =
| s
+ 0 4F ol o |\:f? CoFy

# [An]:[Rd]:[additive] Additive/ Catalyst (0.05 equiv) T(°C)/ cond. Solvent System %(1+2)*
1 1:3:1.5 Cs,COs/ - 100/dark 1,4-dioxane 30
2 1:3:1.5 Na,COs /- 100/dark 1,4-dioxane -
3 1:3:- -/- 100/dark 1,4-dioxane -
4 1:3:1.5 CsF/ - 100/dark 1,4-dioxane <5
5 1:3:1.5 CsF-Na,COy/ - 100/dark 1,4-dioxane <5
6 1:3:1.5 Cs,CO4/ - 100/dark 1,4-dioxane:H,O -
7 1:3:1.5 Cs,CO4/ - 100/dark THF <5
8 1:3:1.5 Cs,CO4/ - 100/dark MeCN -
9 1:3:3 Cs,CO4/ - 100/dark 1,4-dioxane 35
10 1:3:0.75 Cs,CO4/ - 100/dark 1,4-dioxane 16
11 1:3:1.5 Cs,CO4/ - 60/dark 1,4-dioxane -
12 1:3:1.5 Cs,CO4/ - 100/dark 1,4-dioxane” 30
13 1:3:1.5 Cs,CO4/ - 100/dark 1,4-dioxane® 20
14 1:3:- -/Q RT/ hv¢ MeCN 25
15 1:3:- -/RB RT/ hv* MeCN 52
16 1:3:1.5 Cs,CO5/ Q RT/hv* MeCN 50
17 1:3:1.5 Cs,COy/ RB RT/ hv* MeCN 98
18 1:3:1.5 Cs,COy/ RB RT/ hv* MeCN® 81
19 1:3:1.5 Cs,COy/ EO RT/ hv* MeCN 62
20 1:3:1.5 Cs,COy/ RB RT/ hv* H,0 <5
21 1:3:1.5 Cs,COy/ - RT/ hv* MeCN 50
22 1:3:1.5 Cs,COy/ RB RT/ hv* MeCN® 78
23 1:3:1.5 Cs,COy/ RB RT/hv* MeCN 91
24 1:3:1.5 Cs,COs/ RB RT /dark MeCN -

' e E~§\:-::IT:|
oo enyyl e
e e s T a o o

OH O Br Br

Rose Bangal = RB Quercetin = 0 Eosin¥ = EQ

a.-yields determined by 'H and ’F RMN integration (combined 4-C,4F,, and 2-C,Fs yields para:ortho = 70:30). b.-64-hour reaction. c.-without de-oxygenation. d.-60 watt fluorescent
light bulb. e.-18-hour reaction f.-15 hour-accumulated sunlight exposure.
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Table 2. C4F9-substituted aniline derivatives yields from the Rose Bengal photoredox organocatalysis.

5 mol% RB

Ar-NH, + RX + R~-ArNH,
“ 1.5 equiv Cs,CO;
MeCN
ReX = n-C4Fol, n-CgF 1, n-I(CF,),-1
Rose Bengal = RB
NH, NH, NH(CHj) N(CHs), NH,
| \ 1 \ C F !
CaFg—m CeFir 4097 IC4Fy :
= =
C,F
98% 80% 95%, 96% +° 65%
1:2, pio="70:30 4:5, p:o=60:40 7:8, p:o = 80:20 9 10:11, p:o = 65:35
NH, NH, NH, NH, NH,
i OCH;, i _CH; F CyFy Br OyN CyFy
C4Fy CyFg C4Fg
95%, 12 93%, 14 33%, 15 45%2. 16 5%, 17
NH, NH, NH, NH, NH, INH,
(A C4Fo C,Fo C4F, I C4Fy
|
CoFo
OCH; CH; Br ! I NO,
94%, 18 81%, 19 43%, 21 42%, 22 10%, 23 0%
CH
H;C 3 C,H;0,C NH,
NH C4Fy
C.4Fo
25%?, 24 HOOC 45%, 25

5-C4Fg-mefenamic acid,

2 36-hour reaction

instead of C4Fol, the aniline substituted with (CF,),l 10 and 11
(with retention of the iodine atom), in a 65:35 isomeric ratio (Table
2). Table 2, shows the scope of the photocatalytic reaction with
different aniline derivatives, substituted with electron withdrawing
and releasing groups in the ortho and para positions of the aniline
moiety (Table 2).

Ortho-substituted anilines with CH;0, CHj, F, Br, and NO,
groups, afford C4Fg- products (Table 2, products 12-17, respec-
tively) with the C4Fo-moiety at the 4-position of the ring with
less or none substitution found at the 6-position of the ring. Para-
substituted anilines with CH;0, CHjs, Br, 1, and 2,4-1, groups, af-
ford major C4Fo-group substitutions at the 2- position (and 6-
position for 2,4-1,) of the ring (products 18-23, respectively, Table
2). Halo-substituted anilines also undergo a homolytic aromatic
substitution HAS, and the C4Fy products bear the original halogen
atom(s) in the molecule intact. This observation is noteworthy,
observing an orthogonal reactivity for haloarenes, with no ipso
substitution of the bromine/iodine atom(s) under photocatalytic
conditions. 2-nitro-substituted anilines can also afford the C4F,

2-C4Fy -benzocaine-

substitution product 17 as well (Table 2), however, the 4-nitro-
aniline derivative is unreactive (Table 2). p-Toluidine affords a di-
C4Fy-substitution (product 20). Methoxy-substituted and methyl
substituted anilines give C,Fo-aniline derivatives in very good
yields (products 12, 14, 18, and 19, 81-95%).

Anti-inflammatory drug mefenamic acid (ie.: 2-((2,3-
dimethylphenyl)amino) benzoic acid), gives product 24 in 25%
yield (Table 2). Benzocaine (i.e.: ethyl-4-amino-benzoate), an anes-
thetic, affords 45% yield of the respective C4Fq-substituted product
25. A large scale (0.01 mol) reaction of benzocaine affords 30 %
yield of 25.

In order to elucidate the nature of the transition state / interme-
diate of the POC reaction, the ratio of rate constants for the reaction
of anilines substituted in the para-position with different substitu-
ents, such as electron withdrawing and electron releasing groups,
was studied.

The authors encountered that the relationship log k,.
toluidine/Karnmz 18 accelerated with electron releasing X groups on the
aniline ring, implying that a stabilization of the transition state is
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Scheme 12. Mechanism for the re-aromatization involving proton transfer-electron transfer (PT-ET).
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Fig. (1). Plot of % product vs irradiation time. Lamp is maintained off in
areas in shade. (H) % of isomer 1, (@) % of isomer 2, (A) % of di-
substitution.

achieved with electron rich nuclei. N,N-dimethyl aniline in the
presence of 1,4-dinitrobenzene (a radical anion scavenger) affords
product 5 in yields as reported in Table 2. The photoreaction in the
presence of TEMPO does not yield substitution product. Instead,
the TEMPO-C,Fy adduct is obtained, indicating the presence of
C4Fy radicals. The fact that the presence of p-DNB also affords
substitution product does not rule out the intermediacy of a radical
anion, as this latter could probably be very short-lived. A likely
mechanism can take into account the C4Fge radical attack on the
aniline derivative, generating a C4Fo-substituted cyclohexadienyl-
radical A, which upon deprotonation by the base (PT, Cs,COj3)
affords a radical anion of the C4F¢-substituted product B. Radical
anion B could: i.-dissociate (in the case of Ar-I 7) [16], ii.-undergo

H,N
H,N CiFy ET 2 C4Fy
]
B ®/ )z N A
R . R
C,Fy C4Fol
Cs,CO;4
PT
CsHCO, H,N
H,N

Rose Bengal = RB

an ET to n- I-C4Fy (to propagate the chain) and thermoneutral prod-
uct C, iii.-ET to the substrate (chain termination), Scheme 12.

Notwithstanding, the acceleration of the C4Fy-substitution reac-
tion rates of anilines bearing electron releasing groups, indicates
that besides the enthalpic factor considered for the Ar—R¢ bond
formation (A, Scheme 12), there is a substituent effect on the rates
of Re-substituted anilines formation. An experiment turning on and
off the lamp at times (Fig. 1) reveals that the reaction is light-
initiated, and RB and light are needed for (enhanced) substitution to
take place.

A proposed mechanism is depicted in Figure 2: a positively-
charged intermediate/transition state develops, accounting for the
differences in reaction rates. Room-light excitation of RB leads to
RB* which reduces n-C4Fol, generating C4Fge radicals, and the
radical cation of RB <+ [17] (Fig. 2).

RB could be acting as an initiator of the reaction, providing en-
try into the innate electron cycle, where C4Fge is re-generated. The
fact that RB is re-generated by Cs,COj3 closes and completes the
initiation cycle. ET from RB* to C4Fol( [18a,b]) can generate C4Fge
radicals efficiently (and RB"" radical cations) based on their redox
potentials (E gg .+ ; rgx = -0.68 V vs SCE in MeCN [18b], E
caroycarse = -1.27 V [18c]). The AGgr for this process is -1.53 eV
suggesting a quite favorable ET. A likely reaction pathway includes
the radical addition of C4Fg¢* to a position of the aniline nucleus,
generating intermediate A (Fig. 2) oxidation to the cation interme-
diate B ensues (rate determining step). Taking into account that an
acceleration of the substitution rates is observed with anilines hav-
ing electron rich groups supports this mechanism. Deprotonation
(PT, Fig. 2) affords C,4Fy-substituted aniline derivative. In the case
of the PC quercetin Q, Markovic and collaborators [19] have ob-
served that its radical cation, Q" , will rapidly be converted into Q

co; * RB

AGETo =[0.24 eV visible
light

CO5%

RB
-0.68V

@02—1.53 eV

I

C4Fol

Fig. (2). Proposed mechanism for the RB photocatalyzed perfluoroalkylation of aniline derivatives.
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in the presence of bases whose HOMO energies are higher than the
SOMO energy of Q" , meaning that Q cannot undergo the ET-PT
mechanism leading to quercetin radical (Q°) and proton H'. There-
fore, it is reasonable that in the proposed mechanism (entries 14,16,
Table 1), Q" accepts an electron from the base (Cs,CO;) and there-
fore forms Q thermoneutral (regenerating the PC) and carbonate
radical anion (E CO;7/CO5> = +1.23 +/-0.15 V on the basis of
HOMO energy of the carbonate anion. This assumption can also
apply to RB™" radical cation, which can therefore receive an elec-
tron from Cs,CO; in an analogous fashion as Q" to regenerate RB.
The fact that addition of Cs,COj; to the photocatalytic reactions
(entries 17 & 18, Table 1) significantly improved the perfluorobuty-
lation yields could support the role of the base as an electron donor
adjuvant to regenerate the catalyst. Furthermore, the photoinduced
activation observed in the presence of Cs,CO; and absence of PC
suggests the role of this base as an ET (photo)mediator (entry 21,
Table 1). The authors calculated a value of -0.24 eV for the AGgr of
this process (ET from CO;” to RB™).

4. CONCLUSIONS

Fluoroalkylation reactions can be conducted by photocatalysis,
and this constitutes a new area of research, which through the use of
ordinary laboratory dyes that absorb visible radiation or even solar
light in the absence of transition metals, can trigger fluoroalkyl
radical production that effect substitution reactions. The production
of these radicals does not entail the use of chemical initiators. Pho-
toorganocatalysis can therefore be regarded as a more environmen-
tally friendly option to classical Ru or Ir catalysis, and future work
should be aimed at employing dyes and visible light for the produc-
tion of fluoroalkyl radicals capable of substituting organic sub-
strates. Through the employment of organic photocatalyts, fluoroal-
kylation of sp®, sp’, and sp carbon atoms can be accomplished, as
well as the fluoroalkylation of (hetero)arenes.
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